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Predicting distribution models of two flower flies, Paragus tibialis and

Paragus quadrifasciatus (Diptera: Syrphidae) in different climates of Iran
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Abstract

The genus Paragus with more than 50 known species in Iran has a high potential to control pest and concerve pollinator insects. This
study was conducted to fill the information gap of the distribution patterns and habitat preferences of the two species, Paragus
quadrifasciatus Meigen, 1822 and Paragus tibialis Fallen, 1817 in different climates of Iran. The distribution model was prepared based on
species presence records besides seven bioclimatic variables and altitudes. The accuracy of the model was measured using the Area Under
Curve Index. The Jackknife test showed the mean temperature of warmest quarter and the precipitation of warmest quarter had the most
effect on the distribution patterns of P. quadrifasciatus and P. tibialis respectively. The results showed that semi-arid climates with cold
winter and warm summer in northern latitudes of Iran were suitable for the presence of both species, the central and southern regions of Iran
with very high temperatures were considered as unsuitable areas for the presence of both species. Area Under Curve indices for both P.
quadrifasciatus and P. tibialis were 0.86 and 0.9, respectively, implying the high precision and accuracy of the models for predicting the
distribution models of both species in this study.
Key words: Distributon Modeling, MaxEnt, Paragus, Syrphidae.
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Table 1. Climate zones of Iran based on moisture and temperature of summer and winter

Climates codes Moisture Winter Summer

A-C-VW Arid e Cool = Very warm ¢ Sk
A-C-W Arid e Cool = Warm ¢ S

A-K-M Arid e Cold >, Mild Jdixs

A-K-W Arid i Cold s Warm ¢ §
A-M-VW Arid i Mild Jdxe Very warm o S L=
AM-W Arid i Mild Jdine Warm o $

H-C-W Humid_ 4b Cool = Warm ¢ S

H-K-M Humid 4b Cold 3 5 Mild Juies

H-K-W Humid ;b e Cold 3 ;o Warm Jtiae

H-K-C Humid_ sb s Cold 3 Cool St
HA-C-VW Hyperarid & L= Cool K Very warm ¢ Sk
HA-M-VW Hyperarid i = Mild Jodins Very warm o S 1>
PH-C-W Post-humid _ 5b » L= Cool = Warm ¢ S

PH-K-C Post-humid s 5b s _J= Cold 3 s Cool S

PH-K-M Post-humid < ;b s L= Cold 3 s Mild Jze
PH-K-W Post-humid s 5b s _J= Cold 5 . Warm ¢ S
SA-C-VW Semi-arid i 4o Cool K Very warm ¢ Sk
SA-C-W Semi-arid i an Cool e Warm ¢ S

SA-C-M Semi-arid s da Cool Mild Jzae
SA-K-M Semi-arid s aa Cold 3 s Mild Jzse
SA-K-W Semi-arid i aa Cold 3 s Warm ¢ S
SA-M-VW Semi-arid i 4o Mild Jtes Very warm ¢ Sk
SH-C-VW Semi-humid o sb jedas Cool = Very warm ¢ Sk
SH-C-W Semi-humid _ sb ,ea0.d Cool > Warm ¢ S

SH-K-M Semi-humid o sb jeaess Cold 3 s Mild Jze
SH-K-W Semi-humid sb jeans Cold 5 . Warm ¢ S




Yvya

WAS Wdul (¥ oylad AO Mo 1 ALS sla s low 5 BT

Ol ! 5 P. quadrifasciatus s P. fibialis S| 5 Jde Sl s ol oslanal oo (gla iie =Y J g

Table 2. Environmental variations used in distribution model of P. tibialis and P. quadrifasciatus in Iran

Codes

Layers

biol
bio2
bio3
bio4
bio5
bio6
bio7
bio8
bio9
biol0
bioll
biol2
biol3
biol4
biol5
biol6
biol7
biol8
biol9
Alt.

Annual Mean Temperature

Mean Diurnal Range (Mean of monthly (max temp - min temp))

Isothermality

Temperature Seasonality

Max Temperature of Warmest Month

Min Temperature of Coldest Month

Temperature Annual Range

Mean Temperature of Wettest Quarter
Mean Temperature of Driest Quarter
Mean Temperature of Warmest Quarter

Mean Temperature of Coldest Quarter

Annual Precipitation
Precipitation of Wettest Month

Precipitation of Driest Month

Precipitation Seasonality (Coefficient of Variation)

Precipitation of Wettest Quarter
Precipitation of Driest Quarter
Precipitation of Warmest Quarter
Precipitation of Coldest Quarter
Altitude

Ol ) 53 P.quadrifasciatus 5 P. tibialis o33l [=S) 50 g5lwdde 53 &S jlhe doys  min b Jeme (sl i =¥ g

Table 3. Environmental variations with the most contribution percent in potential distribution modeling of P. tibialis and P. quadrifasciatus in Iran

Species Bioclimatic variables Percent contribution
bio 12 (annual precipitation) 35.1
bio 18 (precipitation of warmest quarter) 26.2
bio 14 (precipitation of driest month) 23.5
bio 10 (mean temperature of warmest quarter) 6.1
P. tibialis AlL. (Altitude) 4
bio 13 (precipitation of wettest month) 1.9
bio 5 (Max temperature of warmest month) 1.8
bio 9 (mean temperature of driest quarter) 1.3
bio 12 (annual precipitation) 33.6
bio 10 (mean temperature of warmest quarter) 30.1
bio 18 (precipitation of warmest quarter) 13.1
P. quadrifasciatus bio 14 (precipitation of driest month) 10.7
Alt. (Altitude) 8.7
bio 5 (Max temperature of warmest month) 1.7
bio 13 (precipitation of wettest month) 1.2
bio 9 (mean temperature of driest quarter) 0.9
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Fig.1. Distribution map of Paragus tibialis (A) and Paragus quadrifasciatus (B) in climates of Iran. For climate codes, see Table 1
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Fig. 2. Prediction of habitat suitability for Paragus tibialis (A) and Paragus quadrifasciatus (B) in Iran according to color range

from red to blue, areas with red are most suitable areas and blue are unsuitable areas for species distribution
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Fig. 3. A-D: The marginal response curves of the contribution variables to predict presence probability of Paragus tibialis

with MaxEnt in Iran, E: Jackknif test. See Table 2 for environmental variable definition
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Table 4. Statistical evaluation of Maxent model for P. tibialis and P. quadrifasciatus

Species Training AUC* Test AUC SD*#* P-value *** Training recordes Test recordes
P. tibialis 0.86 0.81 0.04 0.001 24 10
P. quadrifasciatus 0.9 0.85 0.04 0.001 22 9

*Area Under receiver operating characteristic Curve; **Standard deviation of AUC; *** P < 0.01.
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